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Industry 4.0 entails a paradigm change and a challenge for economy and employment. 
The advances of this industry generate major demands regarding the level of education 
required in these jobs. 
We have conducted a research in relation with the glaring improvements that new 
technologies have brought since the First Industrial Revolution to this moment, 
specifically, in the automotive industry. 
This work includes three main sections. The first section explains the concept of 
automation, its evolution through the different industrial revolutions, the factors that 
have helped its development as well as the benefits and drawbacks that we may find. 
At the end of the section, we mention the consequence of robotics on the employment. 
The second section focuses on automotive industry, and analysis its evolution 
throughout history, the several existing levels of automation along with the advantages 
and disadvantages of these, as well as the way Industry 4.0 have promoted the 
popularity within the sector of Smart Factories. 
And finally, the third section judges the current relevance of the Autonomous Vehicle 
(AV) which is already functioning as test projects in some countries, and every time, 










New technologies are progressing at tremendous speed and these involve innumerable 
advances along with the development of several tools as automation, Artificial 
Intelligence (AI), digitalisation, the Internet of Things (IoT), robotization, among others 
which imply an increment on productivity, quality and also efficiency. 
Following the emergence of the first useful steam engine during the 1st Industrial 
Revolution which was created in Great Britain in the XVIII century until the 4th Industrial 
Revolution, which we currently are in, the economy has experimented great changes. 
We have passed from a subsistence economy to an industrial one, and then, to a 
consumer economy that we currently have. (Hidalgo, 2018) 
However, there are some doubts about employment in the future. As Hidalgo (2018, 
p.23) claims, “the man’s race against machines has existed from the emergence of the 
those”. 
The arrival of Industry 4.0 involves a paradigm change, where the figure of experiential 
consumer is increasingly important. Within the period of these advances, we have to 
bear in mind concepts that 40 years ago were unimaginable, as cyberattacks, smart 
factory, carsharing, or robotaxis. 
The current study is primarily focused on the automotive sector since it is one of the 
most dynamic and important industries, and also because of its weight in world 
economy. All those reasons become this type of industry a clear example, that after its 
evolution throughout history, of making possible the observation of how these 
technological advances have totally transform the way of producing, the product and its 
consumption. 
Along with the progress within the automotive sector, we can observe the emergence 
of 6 levels of automation, established by SAE (Society of Automotive Engineers) in 
2013.  The concept of smart factory and the figure of the autonomous vehicle which is 
driverless, also become important in this period and bring about a real challenge 





2.THEORETICAL FRAMEWORK  
2.1. What is automation? 
The term “automation” (from the Greek word automatos which means “self-
moving” and the verb maiomai which means “to deliver” or “to seek after/for”) is 
related to the need of reducing human assistance in processes of production, 
that is, to save labour effort. (Gutiérrez, et al., 1994). 
According to Real Academia Española (RAE), the concept of “automation” 
refers to the state or condition of automating (RAE, 2018), meaning that 
“automatic” is a characteristic of a machine or a device: which functions fully or 
partially by itself. (RAE, 2018) 
From a general perspective, ISA (The international Society of Automation) 
states that “automation is the creation and application of technology to monitor 
and control production and delivery of product and services” (2017). 
Ford Motor Company defines the term automation as the art of using 
mechanical devices to manipulate work pieces in and out of machines, to 
handle pieces between two processes with the purpose of erasing scrap and do 
it in a synchronized way with the production equipment in a way that the 
production chain can be fully or partially controlled through control command 
tables located in strategic points of the manufacturing company. 
Industrial automation is considered as the handling of company information for 
the decision making process as it happens. It includes informatics and 
automated control for the optimum and autonomous execution of the processes 
designed by engineering criteria, and according to the company management 
plans. (DNP, Colciencias. Plan Estratégico del Programa Nacional de 
Desarrollo Tecnológico Industrial y Calidad, 2000-2010). 
Nonetheless, in modern Encyclopaedia Britannica’s words, “automation can be 
defined as a technology concerned with performing a process by means of 
programmed commands combined with automatic feedback control to ensure 
proper execution of the instructions.  The resulting system is capable of 
operating without human intervention” 
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2.2. History of automation  
2.2.1 Industrial Revolutions  
Firstly, we consider it important to be driven to the definition of “Industrial Revolution” 
by the British professor David S. Landes (1979, p.1): 
“The words 'industrial revolution' - in small letters - usually refer to that complex of 
technological innovations which, by substituting machines for human skill and 
inanimate power for human and animal force, brings about a shift from handicraft to 
manufacture and, so doing, gives birth to a modern economy”. 
Addressing to the definition above, it is claimed that an industrial society make profit 
from the technological development of itself in order to substitute the force of humans 
and animals, as well as the turbines provided by machines. We are talking about a vast 
change which transformed the paradigm that human force is only capable of working 
for a certain amount of time; that the wind can stop blowing; or that a turbine may stop 
rotating if water freezes or dries. Otherwise, a machine never stops producing since 
they are created for lasting so many time, but with the required maintenance. Thus, it is 
confirmed that a machine produces more energy than a large number of humans or 
animals. 
1st Industrial Revolution 
The first industrial revolution is dated in the second half of the XVIII century (1750-
1780) in England. Nevertheless, it is developed in other countries at a later date. 
The historical context of Europe in that time entails a shift from feudalism, which was 
implemented in the Middle Ages where there was a contractual relationship between 
feudal lords and peasants, to capitalism where a salaried job appears and allows 
workers to obtain capital gains. 
Therefore, the predominantly agricultural and artisan economy changes to an industrial 
and manufacturing economy. 
The reason why an industrial economy appears in England is due to the following 
reasons, according to professor Phyllis Deane (1987): 
 
1. “Widespread and systematic application of modern science and empirical 
knowledge to the process of production for the market;  
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2. Specialization of economic activity directed towards production for national and 
international markets rather than for family or parochial use 
3. Movement of population from rural to urban communities 
4. Enlargement and depersonalization of the typical unit of production so that it 
comes to be based less on the family or the tribe and more on the corporate or 
public enterprise 
5. Movement of labour from activities concerned with the production of primary 
products to the production of manufactured goods and services; 
6. Intensive and extensive use of capital resources as a substitute for and 
complement to human effort;  
7. Emergence of new social and occupational classes determined by ownership of 
or relationship to the means of production other than land, namely capital”  
(p. 18 and ff). 
Modern science allowed inventors to enhance their projects which was also a 
consequence of the trust that capitalists (funders) had on them. Inventors developed 
machines which were applied and specialized into each production sector as 
agriculture, mining, industry or transport. Once machines are developed, factories 
appear. 
Due to the mass production, national markets were not able to cope with the produced 
goods, so that, international markets were the ones who began consuming those 
goods. 
Thus, PortalEducativo (2009) explains it in the following lines: 
Division of labour led to a significant increment of productivity as well as a reduction of 
production costs, which at the same time it also caused a reduction of prices and 
greater number of consumers. 
Private companies emerge as a result of the development of medieval bourgeoisie. 
During the XVII and XVIII centuries, the transatlantic trade permitted this companies to 
gather a substantial amount of capital. This wealth allowed the English bourgeoisie to 
invest in industrial business more and more, and as a consequence, the artisan unions 
lost the control of that activity which was under their control. 
Bourgeois were the owners of factories, machines, commodities, manufactured goods, 




The manufactured goods were created in developed sectors as the steel or textile 
industry. The elaboration process of the final product in both industries was completely 
“revolutionary” comparing to previous centuries, since in this time, we can observe the 
progress in line production and greater quantities of goods. 
These sectors changed the way of production thanks to their new commodities which 
allowed production development; substituting the charcoal for the mineral or the wood 
for the iron. Thus, the mechanised labour substitutes the manual one thanks to the 
undoubted intervention of new energy sources. 
2nd Industrial Revolution 
The 2nd Industrial Revolution strengthened and also improved the profound advances 
of the 1st Industrial Revolution. In this period, the European powers were Germany, 
France and Italy. Also, Japan and USA were the world powers. This time started in 
1870 and concluded in 1914. 
New sources of energy, new productive sectors, as well as different ways or organizing 
the labour were developed during these years. In other words, a globalized economy 
emerged. 
The new energy sources researched and developed were electricity and oil. Regarding 
electricity, it involved the invention of the telephone, telegraph and radio, as well as 
illumination through the bulb. Referring to oil, transportation was improved since the 
combustion engine was created. 
Nevertheless, concerning the new productive sectors, it is worth to talk about the 
chemical industry which was applied to some fields of medicine, quotidian materials or 
colorants. Food industry, also, entailed longer traceability of the products and 
improvements in transport and storage. In relation to the steel industry, new metals 
were developed and iron suffered innovative processes regarding its treatment. 
The innovative ways in the organization of labour were proposed by F. Taylor whose 
work “The Principles of Scientific Management” (1911) talks about an increment of 
productivity by decreasing the spare time of the worker. He also hypothesized about 




Moreover, Henry Ford applied the line production in his factories through work 
specialization, and as a result, there was an improvement in times and he lowered the 
product price at the final production, the car. This method of labour organization was 
called “Fordism”. 
The commercial and financial globalization was caused by the need of getting great 
amount of commodities at cheap prices. That was the way the control of the major 
powers over Africa and Asia was understood, since the commercial relations were 
expanded. However, these relationships created extreme inequality where the country 
which were owners of the production resources controlled those owning the natural 
resources and low-skilled labour force.  
3rd Industrial Revolution 
Based on the studies of Virgilio Roel, given the precedents explained above, during the 
fifties, sixties and seventies of the XX century, the technological progress suffered an 
exponential growth along the years. 
In 1973, the turning point happened when the crude oil prices increased continuously: 
1973 ........ US$ 5,8 / barrel 
1974 ...... US$ 12,8 / barrel 
1978 ...... US$ 13,1 / barrel 
1979 ...... US$ 27,4 / barrel 
1980 ...... US$ 35,2 / barrel 
(Roel, V. 1998).  
The above fact marked the characteristics of this period which were the following: 
• New technologies had to use energy in a moderate way since oil price was 
excessively high. 
• An expansion of the use of new technologies through collective and individual 
life. 
● New technologies will entail high productivity. Therefore, a decrease of the use 
of valuable or traditional commodities will happen in contrast to the former 




This period allowed that all the mass production developed in the previous industrial 
period individualizes. Those field that guaranteed the three characteristics were: 
robotics, genetics and telecommunications.  
On the counterpart, the American economist, sociologist, writer, orator, politician and 
activist named Jeremy Rifkin claimed that, nowadays, we are living in the 3rd Industrial 
Revolution, a fact that the European Parliament confirmed in 2007.  
This claim is based on 5 fundamental pillars comprising: 
1. Renewable sources 
2. Building as positive power plants 
3. Storage technologies based mainly on hydrogen 
4. “Smart Grid” technologies or intelligent power distribution net 
5. Transportation based on electrical vehicles 
Jeremy Rifkin (2007) claims that nowadays, “Internet technology and renewable energies 
were about to merge to create a powerful new infrastructure for a Third Industrial 
Revolution (TIR) that would change the world. In the coming era, hundreds of millions of 
people will produce their own green energy in their homes, offices, and factories and share 
it with each other in an "energy Internet," just like we now create and share information 
online” 
This “energy Internet”, as he confirms, will modify our way of living and working and will 
open new markets that will generate great opportunities to expand commerce. 
Moreover, wars on energetic resources will end which will mean the start of a new era 
of real international cooperation where the use of carbon will disappear in order to end 
with the disasters derived from climate change. 
4th Industrial Revolution 
Schwab, writer and funder of the World Economic Forum, introduces the term “4th 
Industrial Revolution”. We can read certain aspects that are similar to the ones by 
Rifkin, as the importance of introducing digital technology in society during the last half 
century. Nonetheless, the difference between them can be shown in Schwab that has 
discovered that it is possible a transition from a 3rd to a 4th industrial revolution while 
Rifkin defends that it is too soon to have the 3rd industrial revolution ended. 
We are talking here about an extreme transformation of the production system, 
businesses and society as the result of the speed, the scope and impact of systems. 
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Therefore, it is a phenomenon that it is among us and will provoke profound and 
systematic changes. The key technologies in the development of this revolution can be 
grouped in three sectors: physical nature, digital and biological. The impact of these 
three technologies will affect aspects such as the economy, businesses, globalisation, 
society and even individuals. 
Table 1. Examples of occupations more or less prone  to automation 
More prone to automation 
Probability Occupations 
0,99 Telemarketers 
0,99 Tax preparers 
0,98 Insurance Appraisers, Auto Damage 
0,98 Umpires, Referees, and Other Sports Officials 
0,98 Legal Secretaries 
0,97 Hosts and Hostesses, Restaurant, Lounge, and Coffee Shop 
0,97 Real State Brokers 
0,97 Farm Labour Contractors 
0,96 Secretaries and Administrative Assistants, Except Legal, Medical, and 
Executive 
0,94 Couriers and Messengers 
 




0,0031 Mental Health and Substance Abuse Social Workers 
0,004 Choreographers 
0,0042 Physicians and Surgeons 
0,0043 Psychologists, All Other 
0,0055 Human Resources Managers 
0,0065 Computer Systems Analysts 
0,0077 Anthropologists and Archeologists 
0,01 Marine Engineers and Naval Architects 
0,013 Sales Managers 
0,015 Chief Executives 
Source: Carl Benedikt Frey y Michael Osborne, University of Oxford, 2013. 
2.3. Factors that have promoted automation  
According to Ana Caballero in her article for the newspaper “El mundo” in the “Digital 
Booster” section dated from April, 2018, the term “4th Industrial Revolution” belongs to 
Germany in 2013 and was used to refer to the changes in the manufacturing processes 
through the use of new technologies.  
She claims that, “since 2013, the German government has been working in a high 
technology project with which they try to find full independence of human labour in the 
production as well as the hyper connectivity of all the processes” 




• The “Internet of Things” (IoT) 
• Robotics 
• Connected devices 
• Cyber-Physical System  
• Do It Yourself (DIY) 
• Industry 4.0 (cyber factory and smart-manufacturing) 
Besides, according to Nicholas Davis, Head of Society and Innovation, member of the 
Executive Committee, World Economic Forum of Geneva, and Dereck O’Halloran, 
Head of Shaping the Future of Digital Economy and Society; member of the Executive 
Committee, World Economic Forum, in their article published in  the web page 
www.weforum.org, “Globalization and technology are intimately intertwined. The 
movement of people, goods and ideas is accelerated and broadened by new forms of 
transport and communication. And technological development is, in turn, enhanced by 
the diversity of ideas and the increased scale that comes from global reach.  
During each phase of globalization, technology has played a defining role in shaping 
both opportunities and risks. As the Fourth Industrial Revolution drives a new phase of 
globalization – “Globalization 4.0” – here are five things we can learn from looking 
backwards, and forwards, at the impact of technology.” 
 
In addition to these authors, Klaus Schwab, founder and executive chairman of the 
World Economic Forum claims in an article published in the web mentioned above: 
“Globalization is a phenomenon driven by technology and the movement of ideas, 
people, and goods. Globalism is an ideology that prioritizes the neoliberal global order 
over national interests. Nobody can deny that we are living in a globalized world. But 
whether all of our policies should be “globalist” is highly debatable. 
This moment of crisis has raised important questions about our global-governance 
architecture, the challenges associated with the Fourth Industrial Revolution (4IR) are 
coinciding with the rapid emergence of ecological constraints, the advent of an 
increasingly multipolar international order, and rising inequality. These integrated 
developments are ushering in a new era of globalization. Globalization 4.0 has only just 
begun, but we are already vastly underprepared for it. Clinging to an outdated mindset 
and tinkering with our existing processes and institutions will not do. Rather, we need 
to redesign them from the ground up, so that we can capitalize on the new 
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opportunities that await us, while avoiding the kind of disruptions that we are witnessing 
today. 
This is not a matter of free trade or protectionism, technology or jobs, immigration or 
protecting citizens, and growth or equality. Those are all false dichotomies, which we 
can avoid by developing policies that favour “and” over “or,” allowing all sets of 
interests to be pursued in parallel. 
To be sure, pessimists will argue that political conditions are standing in the way of a 
productive global dialogue about Globalization 4.0 and the new economy. But realists 
will use the current moment to explore the gaps in the present system, and to identify 
the requirements for a future approach. And optimists will hold out hope that future-
oriented stakeholders will create a community of shared interest and, ultimately, shared 
purpose. 
The changes that are underway today are not isolated to a particular country, industry, 
or issue. They are universal, and thus require a global response. Failing to adopt a new 
cooperative approach would be a tragedy for humankind. To draft a blueprint for a 
shared global-governance architecture, we must avoid becoming mired in the current 
moment of crisis management. 
Specifically, this task will require two things of the international community: wider 
engagement and heightened imagination. The engagement of all stakeholders in 
sustained dialogue will be crucial, as will the imagination to think systemically, and 
beyond one’s own short-term institutional and national considerations.” 
2.4. Benefits and Drawbacks 
In the following section we are going to investigate the benefits and drawbacks in 
economy regarding the advances of new technologies as automation, robotics and 
Artificial Intelligence (AI). 
- Regarding the benefits : 
• Firstly, a significant increase in productivity after implementing new 
technologies can be shown. Technologies as automation in production 
processes which produces a quality increase and error decrease since 
automation is more precise than any process by artisan labour. 
• Secondly, thanks to the reduction of costs, there is a better use of the 
production resources, there isn’t dead time and also, it produces a 
reduction of the number of workers but without decreasing productivity. 
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As Rifkin specifically shows in his book “The Zero Marginal Cost 
Society”, robot sales grow in the manufacturing industry which has less 
labour force; that is known as “lights-out manufacturing” 
• Thirdly, it is important to consider the reduction of the production time as 
a consequence of automation, which allows them to spend that time in 
innovative design and creativity, i.e. it entails more efficiency. 
• Lastly, new technologies give more flexibility to companies due to the 
constant innovation if these which can be rapidly adapted to specific 
necessities of each company or the global market. 
 
- Regarding the drawbacks : 
• Firstly, it is worth to mention the high initial investment required to 
implant and maintain new technologies. Here we are talking about the 
installation of machinery, processing automation, constant software 
updates …which are very efficient and profitable but not all companies 
can afford these. 
• We consider also important to talk about cybercrime; which with 
globalization and the relevance of new technologies, it is more frequent 
to observe attacks from hackers to companies. That Is the reason why 
an accurate computer security is of paramount importance to prevent 
those attacks. 
• Another drawback that we can observe is the planned obsolescence 
which implies a considerable flux of electronic scrap and only a 20% of 
these are recycled and the rest ends in countries as Ghana which has 
become in one of the electronic landfill of the world since it received 
around 50 tons of electronic scrap last year. 
• Finally, the implantation of new technologies causes a loss in jobs since 
it entails a productivity increase at the expense of the workers. The most 
affected sectors are the ones with low-skilled workers where the job 
consists in repetitive and routine tasks. With the advances of the new 
technologies, voxpopuli estimates that 34% of the jobs will be affected 
by automation in 2030.  
When we consider Artificial Intelligence as a support to automation, we can find 
advantages and disadvantages too.  
According to the web page “quierotec.com”, the advantages  of AI are: 
19 
 
Almost 0% of errors; space exploration; reach the nadirs of earth since it can be used 
to dig and get more gas or used in the mining industry; do repetitive labour; make the 
quotidian easier for example with smartphones; detect frauds as a falsified or 
duplicated credit card; as there is no emotions, the thinking is logical and the rationale 
decisions are made without the influence of the emotional part; applications in 
medicine; decisions are made quicker; robotic pets that can help depressive patients 
as well as keeping them active; and finally, there is no need of sleeping, thus, they can 
be working 24 hours/day. 
And as the disadvantages : 
We can observe that there are people who consider it unethical that AI is almost 
human; also the high cost; machines can storage a great amount of data but this 
storage, the access and recovery will be not that effective as the human brain or that 
effective as humans since they can alter their responses depending on changing 
situations. AI does not have the human part that can be useful in jobs which require the 
care and protection of human beings; lack of creativity; increment of unemployment; in 
wrong hands it can be dangerous since if AI can be programmed to do mean things 
since they do not have conscience that prevent it; and finally, there is a fear of 
replacing humans, because ideally humans should be the owners of these machines. 
2.5. Robotics in the workplace  
The great technological advances, as we have explained before, have led to a growing 
importance of robotics and automation in the current economy. This is caused by the 
significantly positive effects for companies.  
As positive aspects within automation for companies, we can talk about an increment in 
productivity and quality with no need of hiring more employees, as well as a decrease 
in costs and production errors. That is why, every time, more companies decide to 
invest in automation. These advances prove the existence of an inverted relation 
between productivity and employment, since productivity has always been associated 
to an increase of employment. However, thanks to the application of innovations 
promoted by ICTs, productivity and quality notably improve and there are more 
reduced personnel. Consequently, the world demand of robots in the last years has 
increased, especially in China. According to IFP (International Federation Robotics) the 
sales of industrial robots have increased a 31% in 2017 in comparison to 2016, and it is 
estimated an increment of 14% annual until 2021. 
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Figure 1. Estimated annual worldwide supply of indu strial robots 
 
Source: International Federation of Robotics (IFR) 
In view of this situation, citizens hesitate about the employment in the future. Even 
businessmen resorted to relocation, mostly in China in order to take advantage of the 
cheap labour force. Now these businessmen want to reposition their production and 
decided to use robots to produce, since they are cheaper and more efficient than 
cheaper industrial workers. “If the current pace of implementation of technology in the 
manufacturing sector remains, it is likely that job vacancies in factories, that they were 
163 million in 2003, will be reduced in some millions for 2040 which will mean the end 
of mass manufacturing production in the world” (Rifkin, 2014). 
The service sector, specifically the knowledge one, is the less affected by all the 
technological advances at this moment, however, it is jeopardized by the advances on 
Artificial Intelligence. An example can be found in the programme “e-discovery”, where 
all kind of legal documents are thoroughly analysed at a speed that not even the best 
law experts can reach. 
Some sectors where we can observe automation are: the cleaning sector with the 
automatic vacuum cleaners (the brands “Roomba” or “Conga”, that are increasingly 
being used for domestic cleaning), the medicine sector (far-reaching endoscopy which 
allows to visualize an endoscopy from the other part of the world at millions of 
kilometres and with great precision), exoskeletons, and logistics (automobiles without 
driver). 
These technological advances imply a world challenge, where population should adapt 
through policies and change according to the new requirements of these technologies. 
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The consulting firm “McKinsey Global Institute” and its published article show us the 
impact of robotization on the labour market in the future decade (until 2030). In its 
reports, the analyses include almost 46 different countries and around 800 jobs. 
We consider it important to mention the devastating facts regarding labour market such 
as the loss of around 400 and 800 million of jobs. The most affected economies would 
be those from first-world countries. However, for example, Mexico that has very low 
salaries, would not be that affected by robotization (only a 9%). 
This information would entail a re-education of workers in most cases, since they would 
have to modify their skills they offer to adapt them to the current markets. Jobs more 





3.AUTOMATION  IN THE AUTOMOBILE  INDUSTRY 
3.1. History of automobiles  
The DGT (Dirección General de Tráfico) defines the term “automobile” as “from a 
mechanical point of view, automobile means that it moves autonomously, and is 
applied to vehicles that move through the power of an engine” (DGT, 2016). 
The automobile industry, after the advances achieved by the industrial revolutions, has 
experimented several changes since its beginning in 1769 to current days. 
The origin of automobiles sets in 1769 when the French and military engineer, Nicholas 
Joseph Cugnot, designed the world’s first automobile which was a self-propelled 
mechanical land-vehicle, called the “Fardier à vapeur” in French and steam-powered 
dray in English. (Kretz, 2012) 
The vehicle mentioned above was a three-wheeled automobile whose front wheel was 
of traction and direction. A steam boiler was situated in the front wheel, just above and 
the power unit was steered by means of a double handle arrangement. It moved at a 
speed of around 4km/h. (Murias, 2017) 
Provided that the “Fardier à vapeur” did not meet the military expectations owing to 
poor weight distribution and lack of speed due to the power unit, among others, Cugnot 
designed, a year after, a second prototype which was more complex to drive and 
caused the first automobile accident in history in 1771 since it knocked down 
accidentally a stone wall. (Parissien, 2013) 
Despite that, Cugnot kept working in a third prototype of the “Fardier” which was 
finished in 1771 and was located in the Musée des Arts et Métiers. (Murias, 2017) 
Ilustration 1. Le Fardier a vapeur  
 




Therefore, years later, between 1832 and 1839 the first electric car of history was 
invented by the Scottish Robert Anderson. It was a carriage whose engine was electric 
and powered by non-rechargeable primary cells and it reached 6km/h (Prieto, 2018; 
Hyundai). 
It was not until 1880 that rechargeable cells and assembly line production were 
created. 
We consider it important to mention that the first car which outreached 100Km/h was 
an electric one named “La Jamais Contente” in 1889. A fact that happened during a 
speed race in Acheres, France, between the car designer, Camille Jenatzy, and the 
Count Gaston de Chaseloup-Laubat. Jenatzy reached 105,88 km/h and exceeded his 
opponent’s mark of 92,78 km/h. Jenatzy got a name in the history of the automobile 
industry. (Sociedad Técnica de Automocion, 2011) 
Ilustration 2. La Jamais Contente  
 
                    Source: 20minutos 
Electric cars dominated the market at the end of the XIX century and the beginning of 
the XX century, comparing the internal combustion engine cars, since the latter were 
provided by an engine which was started by hand cranking using a hand crank, was 
noisy also and the driving was even more complex than the one in the electric cars. 
Because of all those reasons mentioned above, electric cars were the most popular 
ones within population until 1912, due to the advent of the “Ford Model T” car. This car 
achieved a reduction on the engine source noise and carried electric starting which 
was invented by Charles Kettering, and erased the need of the hand cranking starter. 
(Guía del vehículo eléctrico II, 2015; Hyundai) 
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Thanks to the application of Fordism1 , based on Taylorism2 , Ford Motor Company 
achieved to reduce considerably the production costs as well as de production time of 
an automobile which was then 12 hours per car and it was accomplished to be done it 
in 100 minutes per car (Prieto, 2018). 
The reduction of the production costs allowed Henry Ford to decrease the prices of the 
cars, making them more affordable for the middle-class. Ford Company increased its 
workers’ salaries, in order to permit them to become buyers of their own products. For 
the first time, the automobile was at the reach of a middle-class American family. 
(Parissien, 2013) 
Ford Model T was an icon in the twenties history. 
Ilustration 3. Ford T 
 
                  Source: motorpasion 
The sale increment on the internal combustion engine cars caused an increase on gas 
demand which entailed a fall in oil prices. This way, it resulted in a considerable growth 
of the sales of petrol cars, and at the same time, it caused the electric cars to fade into 
oblivion and also caused a disastrous fall on their sales (Guía del vehículo eléctrico II, 
2015; Hyundai).  
 
                                               
1 Fordism: Industrial mass production system which emerged in the XX century. It promotes 
specialization and the reduction of costs. It is based on Taylorism and it is named Henry Ford.  
 




In the end, the assembly line production of Ford Model T entailed a significant turning 
point in the automobile industry, in consumer habits and social changes, spreading 
rapidly to different countries causing a new era of industry.  
If we turn back in time, we can see that in 1885, it was created the first car propelled by 
an internal combustion engine (petrol one), called “motorwagen” by Karl Benz. On 29th 
of January in 1886, Benz applied for the patent of his vehicle, thus, he is known as the 
father of the automobile. The patent was number 37.435 and this was considerate as 
the birth certificate of the automobile. (Parissien, 2013; Prieto, 2018) 
Ilustration 4. Motorwagen 
 
Source: Okdiario 
It was a three-wheeled automobile and reached a maximum speed of 18km/h, and was 
the responsible of the firs long-distance journey by automobile. The journey was 100km 
long from Mannheim to Pforzheim, and was driven by Karl’s wife, Bertha Benz, in 1888. 
After this, the viability of the engine car was proved, which promoted the growth of 
Benz & Cia Company (Parissien, 2013). 
Despite that, during 1836, the first diesel car was presented to the International Motor 
Show in Berlin, which was the Mercedes 260 D. it reached 100Km/h and was the first 
series-produced diesel car (Costas, 2011). 





Lastly, it is important to say that Chrysler Imperial was the first car which incorporated a 
certain aspect of automation in 1958. This car was the first which introduced the cruise 
control (Speedostat)3, that is a usual system in cars nowadays. The Speedostat patent, 
US2519859A, corresponded to the blind engineering Raph Teetor in 1950, who was 
the first in designing the first automatic system of speed control (Ibáñez, 2018). 
Since then, numerous technological systems and advances have been developed 
aiming to increase security and comforts in driving. Features such as the Anti-Block 
System (ABS), Assisted Paring System, Light Detention and Ranging (LIDAR), 
Electronic Stability Control (ESC), Pre-Collision System (PCS)… 
As we have shown, the automobile industry has experimented several important 
advances since Le Fardier a Vapeur to new models which incorporate the last 
technologies in automation as Tesla Model 3, Firefly (Google) and other models 
mentioned in the following sections. 
In the following section, the different current levels of automation in automobiles will be 
explained, as well as the new advances in the automobile sector and the challenges 
that these advances carry. 
3.2. Automation in the automotive industry  
According to Olona (2018, p.40) “Automated driving offers the opportunity of tackling 
several important social challenges in result of the road haulage in security areas, 
energetic efficiency and social inclusion”. 
There are different levels of automation regarding automobiles and the range is from 0 
to 5, according to the degree of vehicle autonomy. 
The first level of classification of automation is settled by the National Highway Traffic 
Safety Administration in 2013. 
A year later, in 2014, the Society of Automotive Engineers (SAE) set the automation 
levels, the ones that are established nowadays. Since 2016, the NHTSA adapt the 
automation levels implemented by the SAE. Therefore, in the next paragraphs, the 
different levels of automation created by the SAE J3016 are thoroughly explained: 
                                               
3 Speedostat: Name fomerly given to cruise control system. 
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Firstly, level zero is characterized by inexistence of automation, i.e., the driver 
intervention is fully required. 
Secondly, level 1 of automation is known as assisted driving since it includes vehicles 
with brake/acceleration support to the driver. 
Thirdly, level 2 offers partial automation which includes steering and brake/acceleration 
support. At this level, the driver is still responsible of the driving. 
Then, level 3 of automation entails a conditional automation, the system takes total 
control of the vehicle when all the conditions required are met, including the monitoring 
of the environment. The driver becomes a backup user in case of being required. 
Level 4 of automation implies high automation where the vehicle is capable of 
performing all driving functions and the driver is not expected to be ready to control. An 
example could be the new Honda NeuV Concept 2017 that uses an “emotion engine” 
and recommend or apply different choices according to the driver’s personality and 
emotions.   
Lastly, level 5 of automation, covers full automation, the vehicle performs all driving 
functions, thus, the driver presence is not necessary neither required. This level is 














Table 2. Levels of Automation  
 
Source: SAE 
It is important to say that, despite claims as Elon Musk’s, Tesla CEO, who said, " by 
year-end 2020, people will be able to relinquish all responsibility to Autopilot and fall 
asleep while being transported from point to point”4, nowadays, vehicles are in level 2 
of automation, in a way, that the driver must be concentrated in the driving and keep 
the hands on the steering wheel to avoid accidents. 
The arrival of fully automated vehicles is expected to be between 2020 and 2030. 
(Capgemini, 2018; McKkinsey, 2019) 
                                               
4 Retrieved from Elon Musk podcast accomplished through ARK invest (2019). 
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The great technological advances in the automobile sector, the popularity of the 
vehicles in level 2 of automation and the trust on them by users have prompted to total 
losses, as the one by Tesla Model S in May, 2016 in Florida, o the one in Tempe 
(Arizona) in March, 2018 caused by a test autonomous car of the Uber company. 
These accidents and advances created the need of changes in law regulation, since 
the arrival of the autonomous vehicle required from a reform in civil liabilities and 
insurances. That is because in case of accident, it would be necessary to define which 
responsibilities belong to the driver and which to the car manufacturer. 
The automobile magazine “Centro Zaragoza” proposes the following degrees of 
responsibility according to the different levels of automation. 
Figure 2. Responsibility according to the levels of  Automation.  
 
 
Source: Centro Zaragoza Magazine 
We cannot deny that there has been an important gap between the last technological 
advances and legislation, since the latter does not advance as quick as technology. 
USA is the most advanced country regarding legislation within the field of autonomous 
driving. Around 30 states have proved laws in this field, although California, Silicon 
Valley’s headquarter, has considerably stood out since it is the state that is more 
advanced and permissive in relation to the autonomous driving regulation. 
4th of October in 2017 the AV START Act was approved, it regulated the framework 
that will ensuring the safety of automated vehicles on the road. This law requires, 
firstly, the presence of a human driver in the car who control the driving of the vehicle; 
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secondly, it requires the driver to do a certain course regarding autonomous driving; 
and lastly, it requires the vehicles to incorporate the willingness to drive in safe mode in 
case of software error. 
Autonomous cars started to be tested in USA in 2010 while in Europe it did not until 
2015. 
Regarding Europe, in 2016, the text belonging to the Vienna Convention (1968) was 
modified by the United Nations Economic Commission for Europe (UNECE) and it 
included the definition of the terms “Autonomous vehicle (AV)” and Automatic Driving 
Systems (ADS). 
According to estimations of the European Commission, the autonomous vehicle market 
was expected to provide revenues of a higher quantity than 620.000 million of euros in 
the automobile sector and 180.000 million in the electronics sector by 2025. 
By means of the European Parliament resolution of 15 January 2019 on autonomous 
driving in European transport, the European Commission stated the need of meeting 
the challenges that autonomous vehicles involve regarding the standardization, 
legislation, civil liability, cyberattacks, traffic safety, data protection, technical 
infrastructures, insurances and employment. All this entails the installation of event 
data recorders (EDR) in vehicles for future problems in regards to civil liabilities in case 
of accidents. 
Horizon 2020 programme that has aimed around 300 million of euros at the research 
and innovation of automated vehicles between 2014 and 2020 through projects as 
L3PILOT and ENSEMBLE. 
It is important to state that Germany is the most advanced country of the EU, because 
in 2017, a law regarding the autonomous driving was approved and it allowed the 
circulation of autonomous vehicles under the supervision of a driver at the steering 
wheel. The mentioned law established that vehicles had to have a black box as planes 
do where everything what happens during the driving be registered, in a way that 
responsibilities will be determined in case of accident. 
In terms of Spain, in 2015, the first experience of autonomous vehicles occurred when 
a Citroen Grand C4 Picasso from PSA group made a driverless road trip of 600 km 
from Vigo to Madrid. 
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The DGT in Spain is quite restrictive, it issues circulation authorizations to test this type 
of vehicles since 2015, within a maximum period of two extendable years. However, it 
can only be requested by manufacturers, laboratories and universities. 
The first autonomous bus is expected to come to Spain in spring of 2020, and it will go 
through the “Ruta de los Volcanes5”, i.e., the Volcanos trip. 
Experts claim that there is lack of legislation regarding the vehicles with automated 
levels of 4 and 5, specially in Spain. 
Fernando Navas (2019) from Navas & Cusi law in an article published in xataka, firm 
states that “current legislation is not prepared for completely autonomous vehicles” 
Mario Arnaldo who is the president of AEA (Associated European Drivers), emphasize 
the idea that nowadays, “a modification of civil liabilities is required in order to create an 
objective liability that will need to be defined”. 
Miguel Caso Florez in (El País, 2019), Technical Director at the World Road 
Association confirms that “it is urgent that Governs, supported by expert committees on 
ethics, programming and industry, stablish rules and a clear framework aimed at the 
development of these vehicles” 
Besides legislation, there are other important aspects to consider as insurance 
companies. 
According to studies of the DGT, 90% of traffic accidents are caused by the human 
factor, then, with the autonomous vehicles, it is expected that the amount of accidents 
diminishes and consequently, the insurance premiums decrease too.  
The spread of autonomous mobility can reduce the insurance premiums by around 
10% and 30% until 2015, according to a report by BBVA. (Situación de Seguros BBVA 
Research, 2019) 
Autonomous cars are a challenge for insurance companies that will have to adapt to 
the situation and the new demand, changing their social benefits and policies in a way 
that are adapted to the new way of driving. (Mapfre) 
                                               
5 Ruta de los Volcanes: Usual trekking route that croses La Palma Island from north to south, 
from Pilar Refuge to “salinas de Fuencaliente”. 
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It is worth talking about a very significant change in the driver that it becomes another 
passenger in the vehicle, in level 5 of automation. 
Mario Arnaldo, president of AEA, present the idea of creating a compensation fund and 
an independent accident research agency composed by professionals specialized in 
accidents caused by autonomous cars, because of the difficulty of distributing the 
responsibilities regarding these vehicles. 
Due to the advances, it gains importance the cyberattacks which should be covered by 
insurance companies.  
As we have mentioned before, more companies are working in prototypes of 
autonomous vehicles, which implies discrepancies regarding the concept of these. 
According to Ana L. Olona (2018, p.41): 
“The Advanced Driver Assistance Systems (ADAS) and the new autonomous 
technologies have the potential to make vehicles safer, since they can reduce, and 
almost completely eliminate, the errors by the human facto. Security in vehicles has 
reached a very high lever lately, but one ADAS and new autonomous technologies 
have been incorporated to the market, the highly automated vehicles will change the 
interface man-machine and will demand new and modern communication concepts 
between car and driver. The driver will be able to act intuitively and use the system”.  
In contrast, Jorge Villagra, the head of the program “Autopía del Centro de Automática 
y Robótica (UPM-CSIC)” (2014) claims that “the reason why products that should be 
available are not is because there are risks that not even experts are capable of 
quantify, and, consequently, we cannot ensure that they will be safe risks” 
3.2.1. Benefits and Drawbacks  
Automation in vehicles entails certain benefits and drawbacks that we will explain in the 
following paragraphs. 
Among the benefits, firstly, we can talk about a significant improvement in traffic safety 
since the driver image as we know it nowadays disappear, i.e. the image of the driver 
as a 90% responsible of the traffic accidents. 
Secondly, it implies an environmental enhancement, because these vehicles are 
electric and are zero-emissions vehicles (ZEV). That is, they do not pollute neither 
acoustically nor atmospherically. 
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Thirdly, the flux of vehicles is regulated, they can choose the less-travelled roads 
avoiding traffic jam, in this way, their fuel consumption and time is reduced. 
Last but not least, autonomous vehicles permit the mobility of any type of group of 
people with any problem. Level 5 of automation allows that any disabled people, even 
blind, can move to any place with no limitations, gaining independence. 
Regarding the drawbacks claimed by RACE (2018), firstly, there is a lack of legislation 
related to this specific type of vehicle regarding civil liability and insurances. 
Secondly, cybersecurity starts to be of paramount importance since the driving of these 
cars relies fully on the software which exposure these kind to technological attacks by 
hackers. 
Another problem is the huge amount of money that has to be invested in infrastructures 
by manufacturers, and also individuals who want to buy these specific vehicles.  
Besides, it entails a high level of maintenance, so users have to attend the plausible 
system updates to avoid accident. 
Lastly, the incorporation of black boxes which register the activity inside the cars which 
brings about several debated related to the user privacy. 
Tesla Company was the first one which take a major step and launched the “Autopilot”, 
however, every time there are more and more companies that opt for autonomous 
driving. Among these companies are Google with its Firefly, Audi, Volvo, Mercedes 
Benz or Baidu… 
3.3. Industry 4.0 in the automobile sector  
Since Henry Ford’s line production called Fordism to Toyotism6 nowadays, the 
automobile industry has been affected by great changes in relation to product and 
production. 
According to Oliva Navarro, I4.0 concept refers to the mixed use of different 
technologies that nowadays are being used, and others that are being developed. The 
                                               
6 Toyotism: Just-in-time production which is a mass production method emerged in Japan and 
replaced Fordism in 1970. 
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latter are known as enabling technologies which are Big Data, Robotics, Artificial 
Vision, Cloud Computing, IoT, augmented reality and Additive Manufacturing (AM).7  
As we have already mentioned in the introduction of this work, we live in a globalized 
world where technology is of paramount importance. 
Industry 4.0, known also as 4th Industrial Revolution, fully transforms the production 
process from a traditional one into an integrated production process through the use of 
IoT, resulting in an increase of flexibility and replacement of jobs by line production 
connected and highly automated by the introduction of robots. 
The application of this industry is vital and entails a challenge for industry but at the 
same time, it creates an opportunity to grow and to make companies more competitive. 
Automation and robotization demands in relation to the automotive industry are quite 
strict due to the high competition in the sector and the existing market changes. 
Currently, there is a tendency of clients to search for experiences. The experimental 
consumer image is getting more important and companies have to be adapted to the 
new demands. 
Nowadays, automobile manufacturers all own a web page which allows clients to be 
widely informed by the Company, its models, and even are allowed to customize the 
model they like the most and meet a date online in the nearest concessionaire. 
As Christian Vollmer, new Vice-President for Production in SEAT, claims in an article 
about 4.0 Industry in (El Pais 2018) that “making an effort jumping on the 4th industrial 
revolution is not an option but a must for all the companies which want to make an 
impact at short and long term. 4.0 industry implies the greatest revolution within 
economy and market sector at every level and at a vertiginous speed. 
Automobile industry leads the global demand in industrial robotics with a share of 30% 
approx. of the total. Industrial robotics are followed by metal, electronics and food 
industries. (Área de estrategias sectoriales, CCOO, 2018) in 2017, electronics industry 
almost substitutes the automobile industry as major petitioner of industrial robots, but 
its global demand of electronic components was jeopardized by the commercial crisis 
between USA and China (IFR, 2019). 
                                               
7 TFM of Edgar Daniel Oliva Navarro “Industria 4.0: Retos y Oportunidades en las Factorías de 
Automoción, 2018”  
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According to information from the IFR (2019), the global demand of robots by de 
automobile industry increased by 21% in 2017 in contrast to the previous year. 
World Robotics shows that the Annual installations of industrial robots spent 16.500 
million of dollars in 2018, resulting in an increase of 6% than the year before. Despite 
that, the IFR predicts a decline in 2019, although it also predicts an annual increase of 
12% between 2020 and 2022. 
Figure 3. Positive medium-term growth expectation  
 
  Source: World Robotics 2019 
In 2018, the main markets of industrial robots were China, Japan, Corea, USA and 
Germany. IFR (2019) states that “79% of industrial robot installations took place in 5 
key markets: China (39,351 units), Japan (17,346 units), Germany (15,673 units), the 
United States (15,246 units) and the Republic of Korea (11,034 units).”8  
Spain is the fourth position in the European ranking, after Germany, Italy and France, 





                                               
8 Retrieved from International Federation of Robotics, 2019. 
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According to International Organization of Motor Vehicle Manufacturers (OICA, 2019), 
Spain, after Germany, is the second European manufacturer of automobiles. 
The automotive industry is a key pillar in economy, since it represents 3.8% of EU GDP 
and 12.5% of European exports. This industry produces also a dragging effect due to 
the stimulation on other economic sectors. (Consenso del Mercado, 2019) 
Regarding Spain, as ANFAC in its annual report of 2018 confirms, the automotive 
industry represents 10% of Spanish GDP, and, the first trimester of the current year the 
poorer performance in relation to exports since 2015. 
Among the main causes of this decrease, the environmental restrictions have greatly 
intervened, as well as the fall of the demands of internal combustion engine cars, the 
lack of infrastructures (for example, charging spots for electric cars) and the political 
instability of the country. Besides all that, we can add the intended ban of internal 
combustion engine cars by 2040 proposed by the current President-in-Office, Pedro 
Sanchez.  
The growing importance of 4.0 Industry has promoted considerable changes in the 
production processes of the sector. 
Industry 4.0 entails new concepts as Smart Factory, Big Data, AI, Lean 
Manufacturing…which are important for us to know since they are currently an actual 
part of the automotive industry. 
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In the following section, we will focus on the importance and popularity acquired by 
Smart Factories, specifically in the automotive sector. 
3.3.1. Smart Factories in the Automotive Industry.  
Smart Factory is an emerging concept that has its origin in the 4.0 industry. This 
concept includes different technologies as AI, IoT, the Big Data and robotics which are 
characterized by flexible and sustainable production processes 
There are several definitions for this term of Smart Factory, as for example, Techtarget 
(2018) that defines it as followed, 
“A smart factory is a highly digitized and connected production facility that relies on 
smart manufacturing. Thought to be the so-called factory of the future and still in its 
infancy, the concept of the smart factory is considered an important outcome of the 
fourth industrial revolution, or Industry 4.0.” 
According to Hozdié’s words (2015, p.31): 
“A Smart Factory is a manufacturing solution that provides such flexible and adaptive 
production processes that will solve problems arising on a production facility with 
dynamic and rapidly changing boundary conditions in a world of increasing complexity. 
This special solution could on the one hand be related to automation, understood as a 
combination of software, hardware and/or mechanics, which should lead to 
optimization of manufacturing resulting in reduction of unnecessary labour and waste of 
resource.” 
Currently, the concept of Smart factories has been used by important automobile 
companies as Audi which launched an interview called “Encounter” in 2015 to present 
this concept. Audi also presented a project called “Smart Factory 2035” as a factory of 
the future, without assembly lines. Audi uses already the virtual reality to instruct its 
employees. Besides, we have also “The Smart Factory” which belongs to SEAT and is 
located in Martorell; this Factory has more than 2000 robots in its production plant, 
uses Additive Manufacturing, augmented reality, among others, and it facilitates 






Ilustration 6. Seat Smart Factory (Martorell).  
 
           Source: Lancelotdigital 
The report named Automotive Smart Factories: How Auto Manufacturers Can Benefit 
from the Digital Industrial Revolution by Capgemini in 2018, is based on a poll directed 
to more than 320 automobile manufacturers and reveals that these manufacturers 
expect that 24% of their production plants become smart factories by the end of 2022. 
The report mentioned shows that automobile industry is the most enterprising one in 
regard to intelligent factories since the 49% of automobile manufacturers have invested 
for it and exceed the 250 million of dollars. 
Despite these claims, the report also shows that the 42% of automobile manufacturers 
confirms to encounter problems when conducting their projects of intelligent factories. 
However, according to a new study of Capgemini, named “Accelerating Automotive’s 
AI Transformation: How Driving AI Enterprise-wide Can Turbo-charge Organizational 
Value”, only 10% of automotive enterprises are implementing projects of AI, whose 
figure of companies within the sector that use AI in its production process has 
diminished in comparison the one in 2017. This way, these percentages are shown in 
the next Figure, Figure 5, related to the world demand of robots by the IFR. 
Figure 5. Status of AI implementation of automotive  organizations  
 
Source: Capgemini 2019 
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As the previous figure shows, the number of companies that implements AI at scale 
has increased a 3%, however, the number of companies which does not implement AI 
has considerably increased a 13%, from 26% in 2017 to 39% in 2019. On contrast, we 
should emphasize the reduction from a 41% to 26% of companies with AI pilot projects. 
All this is due to the important investment that an implementation like this entails, 
according to the claims of the report. 
Thanks to the analysis, Capgemini also states that 16% of automobile manufactures 
could enhance their operative gains through the scaled implementation of AI. 
Another aspect to emphasise is the existence of start-ups related to the automobile 
production as Canoo that outsources its production to other companies as Magna 
International or Faurecia. This way, these start-ups do not pay maintenance costs or 
experiment the bottlenecks .9 For example, the Audi Q3 and Audi A1 that is produced 
in the SEAT Factory in Martorell. 
The emergence of these Smart Factories that use cobots10 and industrial robots as well 
as a highly automated in the automotive sector, reveals the challenges of the 4th 
Industrial Revolution that at the same time, jeopardize employability. 
3.3.2. Employment in the automotive industry   
According to the information of the annual report of ANFAC 2019, the automotive 
industry represents 9% of the total of the active population in Spain, thus, it is a sector 
of paramount importance for economy. 
There are different types of opinions regarding the growing concerning about 
employment in automotive sector, and even more after the automotive crisis caused by 
the decline in sales and private car exports in Europe, and in Spain. 
The automotive sector has been affected by several reasons as protectionist politics of 
world markets. Another reason is pollution since most car companies gather a huge 
stock of vehicles. 
Regarding pollution, the government has announced measures against vehicles that 
stay above a certain level of CO2 stablished by EU, due to the dangerous situation of 
                                               
9 Bottleneck: Fase de la cadena de producción que ralentiza el proceso de producción global. 
10 Colaborative robot: robot designed to work as a human colleague in assembly lines. 
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climate change. This is forcing governments to match taxes of diesel and oil, increasing 
the tax liability of diesel.  
Besides, according to European regulations, the emissions of vehicles will not exceed 
95 grams per kilometre, if so, manufacturers will have to cope with penalties per each 
commercialized vehicle since 2021. 
we consider it important to mention, the growing popularity of carsharing which is an 
alternative that satisfy mobility needs of users without the obligation of burdening the 
costs of a private vehicle or taxes or insurances.  
Regarding the 4.0 industry and employment in automotive sector, there are doubts 
because of the technological advances, many plant operators are afraid of being 
substituted by machines or robots as it happened to Charlie’s father in the fiction movie 
of “Charlie and the Chocolate Factory”. 
Some experts as the general manager of Manufacturing & Resources Industry at 
Microsoft states that “the growing automation opens new professional careers and the 
access to new jobs through professional readjustment. And this is only the beginning. 
Everyone has very attractive opportunities here” (Çaglayan Arkan, 2019). 
According to data from PwC (2018), jobs will be reduced at half by 2050 due to the 
change of model in the automotive sector. PwC consultancy claims that, due to the 
carsharing and automation, the jobs of plant operators will be reduced by 60% for 
2030. In contrast, the demand of engineering will grow considerably, even reaching a 
growth of 90%. 
The responsible for Innovation and Smart Factory of SEAT, Francisco Requena in (El 
Mundo, 2018) claims that “if we are capable of training these people to learn to 
innovate and change their culture, the exit is assured”. 
On the other hand, Capgemini (2019) states that: “AI is seen more as a job-creator 
rather than a job-destroyer”. This is identified through his report which holds that 100% 
of executives affirm that AI creates new job roles. 
In view of this situation, some users joke about these through memes in social media 





Ilustration 7. AI Memes  
 
         
Source: Becominghuman      Source: Facebook 
 
On the contrast, employment in the automotive industry has been always characterized 
by its stability, since 85% of its job roles are indefinite according to a study called 
“Situación y perspectivas en el sector del automóvil: medidas ambientales, 
digitalización y automatización de la industria” (Area de estrategias sectoriales CCOO, 
2018). 
The maximum number of employments in the vehicle manufacturing companies was 
reached in 1991 (111.000). Since that year until 2009, there was a decrease of 45% of 
jobs in the sector. 37% until 2007; 16% in the eighties; 27% in the nineties; 13% during 
the first decade of XXI century; and it is not yet recovered, in 2017, the employment of 
2007, locating in -1,4% of annual average in those 10 years. Despite that, since 2013, 
it is growing an annual average of 3%.11  
 
  
                                               
11 “Análisis de la situación y perspectivas en el sector del automóvil: medidas ambientales, 
digitalización y automatización de la industria (Área de estrategias sectoriales perteneciente al 
sindicato Comisiones Obreras, 2018)”.  
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4.AUTONOMOUS  DRIVING IN THE FUTURE 
Given the technological advances in automation, experts assure the creation between 
2020 and 2030 of cars with level 5 of automation, i.e., driverless. 
DGT (2015) in Spain defines the autonomous vehicle (AV) as:  
“The vehicle that can guide itself through technologies that permit the driving without 
the need of an active control or supervision on behalf of a driver, whether that 
autonomous technology is activated or not, in a permanently or temporary” 
Autonomous vehicles use different kind of technologies which guarantee their correct 
functioning. These technologies include features that will worth it to mention. Firstly, the 
radar which detects environmental elements through the emission of ultrasonic waves. 
Secondly, the Lidar, which is a rotating device installed atop an autonomous vehicle, 
creates 3D representation and provides a 360-degree view of the surrounding. Then, 
we have the GPS, which allows to know the localization of the vehicle, and the IMU 
that measures and reports the speed and direction.  
Besides, we find the lane-keep assistance which consists on cameras that recognize 
the boundaries of the lanes. These cameras are located behind de side mirrors. Next, 
other integrated feature is Stereo Vision which includes two cameras located on the 
windscreen, and permits a 3D Vision, visualizing animals or pedestrians. Another 
feature that is integrated in these autonomous vehicles is the odometer sensor which 
attaches to each wheel a rotator sensor and it is possible to measure the speed of the 
vehicle. And lastly, we have the infrared sensors that allows to see objects or people 













Tabla 3. Elements of Autonomous Driving System  
 
Source: McKinsey, 2017 
Figure 6. Subsystems of an AV  
 
Source. McKinsey 2017 
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Nowadays, there are lots of companies that are immersed in the world of AVs, as the 
main ones which are Tesla and Google, or minor ones as Uber, Volvo, Mercedes, Audi, 
Apple (Titan Project), Baidu or Toyota. In fact, Toyota has arranged a presentation of 
its autonomous vehicles in the Olympic Games in Tokyo 2020 (Calvo, 2017). 
What is more, Google has created the first Factory of autonomous car in the world, 
called Waymo, and is located in Michigan, USA. Indeed, Google will built, thanks to an 
agreement with the manufacturers, the autonomous versions of the Jaguar I Pace and 
Chrysler Pacifica, integrating the autonomous software and hardware. 
From a report of Global Consumer Insights (2019), PwC claims that 22% of cosumers 
are interested in AV, and 24% of them will use these casr in the future. 
Popularity and advances regarding the AV promote the emergence of the fifth-screen 
economy which can be shown in the update of V10 software from Tesla that includes a 
videogame (Cuphead), Netflix, Spotify and Karaoke, among others. 
Ilustration 8. Inside-view of a Tesla Vehicle with V10 Software  
 
Source: Computer Hoy 
With the emergence of the AV come along a war of business opportunity for those 
which offer robotaxis and this increases the competitive tension between companies. In 
USA and China has proved and set up pilot programs to test the reliability of this 
technology, Europe is a step behind, though. 
Elon Musk, Tesla CEO, has planned to offer his own fleet of robotaxis and launched it 
in the market as well as an application where Tesla owners could offer their vehicles as 
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taxis, in a way, that these vehicles would self-finance. In order to bolster the idea, Musk 
offers money to those users who participate in the application. 
On contrast, Waymo which belongs to Alphabet conglomerate and formerly known as 
“Google self-driving car Project”, is offering its taxi service in Phoenix and Sillicon 
Valley. In fact, these taxis have transported 6.299 passengers in the first month as a 
component in the pilot program of robotaxis in California, according to reports of 
Techcrunch (2019). 




Then, Uber that is currently facing an accusation for hiding a cyberattack, however, 
Uber had an arrangement with Volvo, and they have presented the autonomous Volvo 
XC90 that will include the figure of “Mission Specialist” 12 as a higher security 
guarantee. 
Ilustration 10. Volvo XCV90  
 
Source: Motorpasion 
                                               
12 Mission Specialist: Driver trained to supervise the working of the vehicle and take control in 
case of error.  
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In china, the Company Didi has currently launch a pilot Project of AV in Shanghai and it 
is totally free. It is important to emphasize the alliance of Baidu with Volvo, that it is the 
first time that joins a foreign company to create AV in 2018. 
Europe is more reticent regarding the autonomous driving, since the robotaxis has not 
been promoted due to the restrictive measures and controls in relation to this type of 
vehicles. 
However, it is expected the first robotaxis to arrive to Europe due to a contract signed 
by Google, Renault and Nissan which want to present a robotaxi service in Paris. This 
fleet of taxis would drive through a route of 34km located between Charles de Gaulle 
airport and Le Defense. 
There is not a fixed date for it, but it is expected to be before the Olympics Games in 
2024. The initiative has the support of French Island which has invested 100 million of 
Euros to de development of infrastructures to accomplish a safe driving of autonomous 
vehicles. 
These companies should face the consequently distrust on the autonomous driving, 
due to great number of accidents produced by autonomous vehicles. 
It is important to say that, at the moment, autonomous vehicles would continue driving 
with a driver until these would be trusted by governments and citizens, as well as when 





The growing reliance of tools emerged in the period of Industry 4.0 as IoT, Robotics, 
AI, Smart Factories, connectivity and implementation of automatic production 
processes by companies have promoted clear benefits like a significant increment of 
productivity with a minor number of workers, of quality and a reduction of costs. 
Nevertheless, these technological advances entail also some drawbacks as the loss of 
Jobs since the percentage of automatized employments grows every time more. Every 
time there are less and less physical human employees in front of desks to attend 
people personally, such as Decathlon, McDonalds or some supermarkets that all use 
the Rfid technology, i.e. self-service checkouts. However, there are some theories 
regarding employment evolution, “employment will not be destroyed or created, but 
transformed” (Hidalgo, 2018, p.166). 
It is important to say that “So far, automation through information technology in general 
and AI in particular has created more jobs than it has eliminated, and has created more 
interesting, higher-paying jobs” (Russell and Norvig, 2004, p. 1034). 
Despite that, thanks to the evolution of ICTs and Smart Factory, employment grows 
along with the skills and knowledge required to acquire those jobs. 
The increasingly demand of robots is evident, and is led by the automotive sector, 
which covers around 30% of world demand (IFR, 2019). 
Along with the advances of the automotive industry from the “Fardier a Vapeur” to the 
AV, there are new mysteries to bear in mind as the liability issue in case of a traffic 
accident. They are requiring to cope with several issues and transformations until its 
fully implementation, like for example, the limitation of responsibilities of the driver and 
vehicle or software manufacturers in vehicles with level 2 to 4 of automation. 
Therefore, driving schools should include in driving classes the use of highly automated 
vehicles, as with level 3, 4 or 5. Besides, the insurance companies should adapt the 
new market generated by the emergence of these vehicles as we have been able to 
demonstrate with this research project, that every day there more companies that bet 
for investing in the creation of highly automated vehicles. 
A true fact is that progress is coming, slowly but surely, and society is not prepared to 




But this certainly is no wonder taking into account that, in the future, more alarming 
claims by taxi drivers against autonomous driving, such as the ones in relation to 
ludismo presented by English workers against weaving machines in the XIX century 
(Hidalgo, 2018). 
As Russell and Norvig point out (2004, p. 1035) “AI, if widely successful, may be at 
least as threatening to the moral assumptions of 21st-century society as Darwin’s 
theory of evolution was to those of the 19th century.” 
All in all, the future is full of big questions. The implementation of AV entails a 
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